Abstract. The objective of this study is to investigate the effect of combined container roof garden on the microclimate, the wall temperature and the indoor temperature of the building. This study has shown that the combined container roof garden can effectively improve the roof microclimate, reduce the highest air temperature 1.9 ℃ , increase the daily average air relative humidity(RH)13.72%. The study also shows that the combined container roof garden can reduce surface temperature and indoor temperature of buildings, reduce surface temperature 14.2 ℃ and reduce indoor temperature 8.9℃ mostly. The different regions in roof garden has the influence on microclimate, the wall temperature and the indoor temperature, the reason is different regions have diverse green space and plants. It is more obvious to improve the micro climate when green areas are larger. Meanwhile, shrub and small arbors are the most suitable plant for the roof garden.
Introduction
Environmental problems, especially in urban areas, such as Shanghai, have become a serious issue. There has been a tremendous growth in population and buildings in cities, the increasing numbers of buildings in cities causes a loss of green areas, resulting in the Urban Heat Island effect (UHI). In such a situation, the research and development of roof gardens has been increasing, because roof garden can enrich the urban landscape, reduce energy consumption. There is evidence that the installation of rooftop greenery can achieve savings of 1-15% in annual energy consumption and17-79% in both space cooling and peak space loads [1] [2] . Aside from providing temperature control, hydrological benefits, and energy reduction, the roof gardens can also serve as habitats for wildlife [3] [4] [5] [6] [7] [8] [9] [10] . However, the contraction of the traditional roof garden is complex, and the requirement of the roof structure is high, such as control water and root. Thus the new combined container roof garden is needed. The garden is made up of a new type of cultivation container which can reservoir water and control root, the construction is not only simple, but also without structural damage to the roof. Besides, the containers can be optionally assembled into different types of garden landscape, so it provides a new way to the roof garden construction. This is a new roof greening technology, since the objective of this study was to explore its impact on architecture and micro climate.
Materlals and methods

Study site
The experimental test was carried out at the roof garden in the second discipline building of Shanghai Institute of Technology located in Fengxian District (Shanghai, China) from September 2013. The building roof had an area of about 290 m2. The garden was set on a roof under which there was a wall in north. The control (CK) was located in the third discipline building of Shanghai Institute of Technology. The roof garden is divided into three regions represented by A, B and C. For every region, there were different plants (see table 1 ). 
Methods
The measurements were carried out in the roof garden A, B, C as well as the east side of the three corresponding office rooms and the control respectively, to select 3 measuring points placed in the temperature and humidity recorder (SIN-TH402), the measured height was 1.5 m. The measurements were made from 26th July 2015 to 28th July 2015, all parameters were measured and recorded at 1 hour intervals from 8 a.m. to 6 p.m. Besides, using infrared temperature measuring instrument (GM320 Benetech) to measure the surface temperature of the wall, each group was measured at 5 points, and take the average value. Fig. 1 showed that the air temperature in roof garden was lower than CK at all time points. The regional air temperature in roof garden was more than 34.3°C, while the temperature of the no green roof was 35.8°C, the maximum temperature difference was 1.9°C. The mean daily temperature of the green roof was 31.9°C, while the mean temperature of the no green roof was 30.4-31.1°C, the maximum daily mean temperature was 1.5 °C. In accordance with a study conducted by Wang (2006) , we found that no roof greening and roof garden temperature difference from 11 a.m. began to increase [11] . The reason was that the north side of each group had building block, before 11 a.m. solar radiation was weak, and began from 12 a.m. two roofs were subject to the strong influence of solar radiation.
Results and discussion
Influence of roof garden on air temperature
There was no significant difference between the A, B and C regions in roof garden before the 11 a.m., that may be due to the temperature of the exposed roof and the roof garden have the same growth rate before 11 a.m.The temperature difference began to increase after 11 a.m. The region A (mainly shrub and small arbors) temperature was the lowest, from this comparison, it could be concluded that the roofing materials has a great impact on the heat transfer through the roof [12] [13] [14] [15] . Fig. 1 The diurnal variation of air temperature
Influence of roof garden on air humidity
The air relative humidity in roof garden (69.09%-72.36%) was much higher than that in no greening roof (58.64%) during the day. The daily minimum air relative humidity difference between roof garden and the control was greatest at 4 p.m. and least 9 a.m., as seen in Fig.2 . These results suggest that plants can increase the air relative humidity through the transpiration effectively. Fig.2 The diurnal variation of air relative humidity The air relative humidity of region C had significant difference with the A and B began 11 a.m., but there was no significant difference between the A and B. The average daily air relative humidity of A, B and C were 72.36%, 72.05% and 69.09%. Fro this difference, it could be as the different greening area and plant species [16] , the region C was not only consistent with herbs and shrubs, but also small. There were shrub and small arbors in region A. Although the green area in region B was smaller than A, but it had aquatic plants and small fountain.
The influence of roof garden on the surface temperature of the wall
There was no significant difference between the temperature of different walls before 11 a.m., this may be the influence of the roof on the east side of the building leading to less solar radiation. After 11 a.m. the temperature of roof gardenwall was significantly lower than that of no roof greening wall, roof garden wall of the daily mean temperature was 34.1 °C -38.3 °C, and no greening roof wall of average daily temperature was 41.8°C, the reason was that plants reduced the influence of solar radiation on the wall, so prevent from the high temperature air [17] .We also found that the maximum temperature of the no greening roof wall appeared at 2 p.m., while the maximum temperature of the green roof appeared at 12 p.m., the maximum temperature difference was 14.2, which was also proved by other studies [18] .
The roof garden range of temperature began to increase at 11 a.m., which the region C temperature was highest as Camellia sasanqua were planted in C. Camellia sasanqua was (Camellia) that obstructed smaller area of the wall, leading to the higher wall temperature. And the difference between B and C mainly because of the different plants had the different shaded areas on the wall, in addition, the ability of leaves to absorb solar radiation was different [13, 19] . Fig. 3 The diurnal variation of wall surface temperature
The influence of roof garden on indoor temperature
The temperature difference among the groups began to increase at 11a.m., the east room temperature of C and the control was higher than the A and B, and the maximum temperature was 42.1℃ when at 3 p. m. The maximum temperature was 34.3℃appeared at 2 p. m. and the maximum temperature difference is 8.9℃. The daily average temperature of the eastern side room of the control was 34.9 ℃, and the A was 30.6℃which is lower than that of the east side of the control. The comparison among different regions in rooftop garden revealed that the provision of vegetation on roof could reduce the heat gain into the building. Fig. 4 The diurnal variation of indoor temperature The largest difference of room temperature between A and B was 1.6°C. Therefore, the type of plants, plant leaf density and the ability of absorb solar radiation remained as the reasons for the results [17, 19] .
Conclusion
This study has shown that the combined container roof garden can effectively improve the roof microclimate, reduce the highest air temperature1.9℃, increase the daily average air relative humidity 13.72%. The study also shows that the combined container roof garden can reduce surface temperature and indoor temperature of buildings, reduce surface temperature 14.2 ℃ and reduce indoor temperature 8.9℃ mostly. The different regions in roof garden has the influence on microclimate and the wall temperature and the indoor temperature, the reason is different regions have diverse green space and plants. It is more obvious to improve the micro climate when green areas are larger, and shrub and small arbors as the most suitable plant for the roof garden.
